| INTRODUC TI ON
The demand for functional food is increasing across the world due to their therapeutic potential. Owing to this increasing demand, the overall market share of the functional food is also increasing (Tripathi & Giri, 2014) . The functional foods mend human health as well as native nutritional value. Incorporation of probiotics n different carrier foods is helpful in making functional food products. Probiotics are the living microorganism that give specific health benefits when taken in recommended amount (Hill et al., 2014) . Different food products (yogurt, beverage, and other traditional fermented products) are being manufactured by the addition of different probiotics.
The consciousness about the health has tremendously increased the demand of functional foods.
Probiotics bacterial cell reside throughout the gut system of human and remain most active in colon of human. The survival of probiotic in stomach is greatly affected by acidic conditions in stomach (Song, Ibrahim, & Hayek, 2012) . Likewise, Lactobacillus acidophilus and Bifidobacterium bifidum, Lactobacillus casei has great probiotic potential and has wide food application due to their numerous health benefits (El-Shenawy, El-Aziz, Elkholy, & Fouad, 2016) . There are many extrinsic (temperature, relative humidity, and gaseous atmosphere) and intrinsic (nutrients, pH, acidity, and oxidation-reduction potential) factors which affect the viability and stability of probiotics in carrier food; however, there were two fundamental factors in dairy products that include toxicity and freezing injury (Vasilyevich & Shah, 2008) .
To inducement health paybacks from incorporated probiotics in the food products, their sufficient or recommended level (10 6 -10 7 CFU/ml) and survival in product is necessary.
Microencapsulation is being considered as the most adept process for protection of probiotics bacteria during the process of storage as well during processing conditions. The target probiotic bacteria is coated/encapsulated with desired protection hydrocolloids, which tend to release the cell on a specific point and tolerate any unfavorable condition (Tolve et al., 2016) . Encapsulation ensures the viability of probiotics in yogurt as well as maintains the volatiles produced in yogurt.
The encapsulation of probiotics bacterial cell ensures the survival and stability in carrier food products and gastrointestinal conditions. The literature has reported and recommended different wall materials (sodium alginate, calcium alginate, chitosan, whey protein concentrate, and many others) for protection of probiotics due to their nontoxic, economic, and ease of use. Calcium chloride is provided cross-wall protection. Capsule coating with different hydrogel materials provides stability in product and GIT conditions (Zanjani, Ehsani, Tarzi, & Sharifan, 2018 
| MATERIAL S AND ME THODS

| Procurement of raw material
The required chemicals and reagents were procured from scientific store, and all the experiments were carried out in Food safety and Biotechnology laboratory, College University Faisalabad, Pakistan. 
| Preparation of probiotics bacterial cell (Lactobacillus casei)
| Encapsulation
Encapsulation was done by following the method described by The harvested beads were preserved in saline solution and stored till further use.
| Beads analysis
| Size
Light microscope was used for the analysis of beads. The size of prepared beads were recorded as previously described by Ramos et al.,
| Encapsulation efficiency
The effect of different encapsulating materials was determined by encapsulation efficiency (EE). Efficiency of encapsulation was checked by following the method of Zou et al., (2011) . EE was calculated by using the formula as shown below. N = released number of viable entrapped cells, and N o = added number of free cells.
| Product development
The ice cream was manufactured by following the method as described by Karthikeyan, Elango, Kumaresan, Gopalakrishnamurty, and Pandiyan (2013) . The typical composition of ice cream was adjusted as 0.5% stabilizers with emulsifiers, 36% total solids, 14%
sugar and 10% fat. All ingredients were mixed and homogenized and heated at 80°C. Afterward, the obtained mixture was cooled to 5°C. The probiotics were incorporated into ice cream as free and encapsulated with calcium alginate and whey protein concentrate.
The resultant product was incubated at 40°C to achieve a pH about 6.5. Finally, the ice-cream mixture was frozen at −4 to −5°C and kept for hardening at −20°C.
| Product analysis
| pH
Digital pH meter was used to obtain pH value available at Functional food research Center, GC Faisalabad.
| Viscosity
Ice-cream viscosity was determined by stirrer the probiotics ice cream five times in a clockwise direction with the help of plastic spoon. Viscometer was used for measurement of viscosity at 24°C in laboratory. Measured viscosity was expressed through centipoise as method determined by Elling and Duncan (1996) .
| Probiotic enumeration of free and encapsulated probiotics in product
Enumeration of probiotic bacteria either in nonencapsulated or in encapsulated was determined by method as described by Haynes and Playne, (2002) . The probiotics were released from the beads of Ca-ALG and WPC. The samples were pleated and incubated at 37°C. The obtained results were expressed in colony-forming units.
| In vitro gastrointestinal assay
Simulated gastric intestinal juice was prepared by following the method described by Chávarri et al., (2010) with little modifications.
Simulated gastric juice (SGJ) of pH 2 was used to access the viability of probiotics in free and encapsulated form. The dilutions were prepared with peptone water. Pour plate method technique was used.
The viability was evaluated at different time interval 0, 30, 60, 90, and 120 min. The dilutions were poured into plates with MRS agar and incubate them. Similarly, to evaluate the stability and viability in intestinal conditions a solution of pH with 7.5 was prepared. Cells were exposed as for gastric juice analysis.
| Sensory evaluation
Sensory evaluation was carried out by following using nine hedonic were presented to panallist in cups coded with alphabetic digits to avoid business. The sensory evaluation was carried organoleptically using fluorescent white light and using nine hedonic scale.
| Statistical analysis
The experiments were carried out under Complete randomized design. The obtained data were subjected for each parameter was subjected to analysis of variance (ANOVA).
| RE SULTS AND D ISCUSS I ON
In current study, the viability and stability of L. casei were assessed in carrier food product and also under simulated gastrointestinal conditions. All experiments were performed aseptically. 
| Beads analysis
| Viscosity
An increasing trend in viscosity was observed in all type of treatments as shown in Figure 2 , The maximum viscosity 300 cp was observed for the samples that contain the microbeads encapsulated with calcium alginate followed by the samples containing the The viscosity of probiotic ice cream mainly affected by the addition of encapsulated probiotics and the % age of protein, fat, and total solids (Akın & Öztürk, 2018) . In another study, the ice-cream samples that were enriched with the prebiotic and encapsulated probiotics showed higher viscosity as compared to other samples (Kumar, Rai, Alam, Rai, & Bhardwaj, 2019) .
| Viability and stability of nonencapsulated/ free and encapsulated Lactobacillus casei in ice cream
Free and encapsulated CA-ALG and WPC were incorporated in carrier food (ice cream). The enumeration of incorporated was 
| Viability and stability of probiotics bacteria in simulated gastric conditions
The viability and stability of free and encapsulated L. casei were assessed by making simulated gastric juice (pH value 2) and exposed with defined This showed that the L. casei coated with calcium alginate showed more stability as compared to free cells. This research also relates with the Iqbal, Zahoor, Huma, Jamil, and Ünlü (2019) who reported that encapsulation improves the survival of probiotics in gastric conditions. 
F I G U R E 2
| Sensory evaluation
The sensory score of different parameters for all type of ice-cream samples is shown in Figure 6 . Addition of probiotics in either free or encapsulated form affected the parameters. Consumer 
| CON CLUS ION
Microencapsulation technology is worthwhile in ensuring the therapeutic level (10 6 -10 8 CFU/g) of probiotics in carrier food. In current study microencapsulation with Ca-ALG and WPC improved the viability of probiotics in carried food as well as under simulated GIT conditions. The probiotic ice cream supplemented with encapsulated probiotics may find a high market share and demand due to the therapeutic benefits of probiotics.
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